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Abstract 
Speech proficiency of children and its impact on educational attainment and behavioural engagement need attention (Bercow, 
2008; Department for Education UK, 2013). Early detection of potential speech difficulties has been linked to effective 
intervention. It is therefore important to identify those children at-risk of speech difficulties early so that intervention can take 
place which may improve educational attainment and future quality of life. This study used the Stuttering Severity Instrument- 
third edition (SSI-3) as a screening tool to separate fluent and dysfluent children. The main application of the SSI-3 is to 
categorize children into severity classes, however, in this paper; the SSI-3 was investigated as a screening tool. Clinic-like SSI-3 
assessments were made with reception-class children (aged 4-6 years, n=730). Spontaneous monologues were recorded and 
analyzed. Children were then classified as either fluent or as at-risk of speech difficulties. The results of the identification of 
speech difficulties based on SSI-3 were compared with the teachers’ classifications of the children. Agreement with the teachers 
for the fluent children (i.e. the children classified as fluent by both parties) was high with a specificity of 96.7%. Agreement with 
teachers for the children who were classified as at-risk of speech difficulties was also high (sensitivity was 69.8%). It was 
concluded that the SSI-3 provides a reliable starting point to use as a measure for identifying children with speech difficulty. 
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1. Introduction 
The Bercow Report (2008), raised issues of inequity of access to specialist services by schools and parents 
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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of children who have speech difficulties. As a consequence of funding cuts by the government, many London 
Boroughs have implemented their own restrictions on the provision of specialist services. For example, in the 
London Borough of Merton and Sutton, children are not accepted for intervention if they are referred during their 
first year (year onein the UK, around 6 years of age) of schooling (page 43, http://www.smcs.nhs.uk/files/smcs-
service-directory.pdf). Schools are now working under time constraints to try to identify and refer children whom 
they believe to be at risk of developing a speech difficulty. Children referred after this cut-off period, will potentially 
miss out on intervention. Some schools can hire a Speech and Language Therapist (SLT) to intervene for their 
school, but most schools do not have the budget to cover this service. It is important to be able to identify all 
possible cases of children who are likely to develop a speech difficulty at an early stage, especially since research 
shows that late intervention can impact recovery (Howell, 2010), later quality of life and educational attainment 
(The Marmot Review, 2010; Department for Education, 2013). Therefore, it is important to have a screening 
instrument, which teachers or other members of the school staff can be trained to use. It is also important that this 
tool is not time consuming to train or implement, cost effective and takes into account other speech difficulties as 
well as stuttering. 
In this study, Riley’s (1994) Stuttering Severity Instrument, third edition (SSI-3) was used as a screening 
tool for dysfluency and other speech difficulties (including phonological delay and hearing related speech-sound 
difficulties). The aim is that the SSI-3 is eventually reduced in components and used as a screening tool by the 
teachers or a trained school staff. For the purposes of this research, all the cases selected from the implementation of 
the SSI-3 are referred to as “at-risk of speech difficulty”. This is because the selected cases are concurred with the 
teachers and they have no objective way of testing these children, thus the possibility of selecting cases other than 
stuttering. Children were not categorized into severity classes (mild, moderate, severe) which is the main application 
of the SSI-3, but were screened for fluency as proposed in Howell and Davis (2011). They assessed a group of 300 
children who stuttered (CWS) following the children up from age eight until adolescence, at which point they were 
divided into those who persisted and those who recovered from stuttering. A model for predicting the prognosis for 
this sample was developed using data obtained on the first occasion they were seen. The information that was 
recorded at age eight, before it was known whether the CWS would recover or persist, was gender, age of onset, 
family history of language problems, handedness, whether the child spoke more than one language in the home, 
whether the child had experienced any head injury prior to being seen at clinic and SSI-3 score.  All of this 
information has been reported to differ between fluent speakers and speakers who stutter (Ajdacic-Gross et al., 
2010; Brosch, Haege, Kalehne & Johannsen, 1999; Dworzynski, Remington, Rijksdijk, Howell & Plomin, 2007; 
Howell, Davis & Williams, 2008;Månsson, 2000; Segalowitz & Brown, 1991; Seider, Gladstein & Kidd, 1983; 
Yairi & Ambrose, 2004). Logistic regression was used to develop the model to determine whether the children 
would recover or persist at teenage. All the measures were included in the initial phase of model development. A 
backward stepwise procedure was used in which each measure was removed sequentially to see if its removal 
affected the model fit. If a measure could be removed without affecting the fit, it was not necessary to include it in 
the final model. The procedure revealed that only SSI-3 was needed and the resulting model performed well, 
achieving around 80% specificity (i.e. correctly identified a child who recovered as such) and sensitivity (i.e. did not 
identify a child who persisted as one who would recover). Howell (2013) validated the performance of the model 
using SSI-3 and modified it to apply to screening fluent children from CWS.  In the validation, archived data were 
used from fluent children and CWS. SSI-3 was calculated in the standard way where symptom counts were made 
with whole-word repetitions (WWR) excluded (Riley, 1994). Howell and Davis’s (2011) findings were replicated. 
This model was modified by including WWR in symptom counts, as some authors count them when calculating 
severity of dysfluent speech (e.g. Yairi & Ambrose, 1992). The results verified that the model with WWRs excluded 
(i.e. as done in SSI-3, the equivalent model to that in Howell and Davis, 2011) performed better than that with 
WWR included. The model with Riley’s symptom set was then modified so that it could be applied to separating 
fluent children from CWS, and it performed well. These findings suggest that the model could be used to screen all 
children in schools (in order to separate those who are fluent from the rest). Other findings point to ways in which 
excluding WWR may have implications when screening children for fluency. Howell, Bailey and Kothari (2010) 
showed that children with a high incidence of WWR in their speech were more likely to recover than those 
displaying other symptoms of stuttering (i.e. prolongations, part-word repetitions, and blocks). How WWR are 
treated when assessing fluency is potentially important for children for whom English is not their first language 
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(English as an additional language, EAL). WWR in all children may reflect word-finding difficulties rather than 
dysfluency. EAL children often have more word-finding difficulty than other children even when they do not have 
fluency problems(Yan & Nicoladis, 2009). By excluding WWR from symptom counts when screening, EAL 
children with high rates of WWR would not be classified as having speech difficulty unless they also showed other 
symptoms of dysfluency.  
Another issue is what proportion of symptoms designates a child as dysfluent. Although Riley (1994; 2009) 
stated that the SSI can be used to aid diagnosis, which involves separating CWS from fluent children, no cut-off 
value or threshold was provided to distinguish the two groups. Howell and Davis (2011) estimated that an SSI-3 
score of eight separated fluent children from CWS, although this was revised to 13 in Howell’s (2013) empirical 
work. It was, however, noted that the threshold needed to be flexible depending on the type of screen (e.g, whether 
fluent children were separated from all children with speech difficulty or whether separate types of fluency problem 
were identified. The threshold also depends on the exact SSI-3 assessment procedure employed (Riley described 
several procedures that can be used with his instrument) as the procedures result in different SSI-3 scores (Howell, 
Soukup-Ascencao, Davis & Rusbridge, 2011; Jani, Huckvale, Howell, 2013). Howell (2013) used a time-intensive 
computer-based procedure involving annotation to obtain his frequency and duration measures for estimating SSI-3. 
This would not be practical for screening large numbers of school-aged children (or necessary when children are 
fluent). There is a quicker clinical assessment procedure that can be used with all children (allowed by Riley, 1994, 
2009). As the two assessment procedures do not give the same results (Howell et al., 2011; Jani et al., 2013), a study 
is underway that assesses the same speech samples according to the two procedures to establish the different 
thresholds that are required. This should provide threshold values that work equivalently with the two procedures, so 
conversion when different procedures are employed is possible; the clinical procedure gives higher SSI-3 scores 
than the research method, hence the more lenient cut-off criterion (16 and over in this study) than that used by 
Howell (2013) (8 or over). Another issue about using the SSI-3 is whether 200 syllables, which is the minimum 
sample length Riley (1994; 2009) specifies when his instrument is used, gives a stable measure of frequency of 
stuttering symptoms or whether a longer, or shorter sample should be employed (the shorter the sample, the quicker 
the assessment procedure, making it efficient for use when screening all children). Todd et al., (2014) have 
established that 200 syllables is the minimum sample length necessary for a stable SSI-3 score to be obtained.A 
further point requiring attention is the age at which the screen should be performed. In the UK, a child starting 
school enters a reception class from age four upwards, which is a convenient point at which the children could be 
screened. The goal of the current project, from the school’s perspective, is to assess children using SSI-3 and present 
a preliminary report on each child’s fluency within 11 weeks of the child starting school (i.e. during the first term 
they attend school). There are additional reasons, other than convenience, as to why screening for speech difficulties 
at age four is advisable. Speech difficulties are usually diagnosed during childhood or adolescence, not at birth. For 
instance, in the case of stuttering, the disorder does not occur when a child first begins using language, but may start 
at some point in early childhood (Andrews & Harris, 1964). Yairi and Ambrose (2005) reported that 65% of 
children who stutter have an age of onset of 3 years, and this rose to 85% by 3.5 years of age. School entry age was 
chosen as the time for screening because many children with speech difficulties are likely to present by this age, but 
the children are not so old that they have missed the opportunity of early intervention. If EAL children are screened 
during the first term of the first school year, they may only just have started using English and thus be likely to show 
word-finding difficulties (Yan & Nicoladis, 2009). A major issue to be addressed is how to distinguish speech 
difficulties that arise when children use English as a second language from clinical speech difficulties they may 
have. The issue of assessing EAL children needs to be taken into account before any screening procedure can be 
rolled out nationally in schools.  
A screen needs to address symptoms associated with other paediatric speech difficulties, in addition to 
stuttering. In order to maximise the screen’s potential as a reliable procedure for the identification of children who 
are dysfluent. Although the screen will ultimately take into account symptoms appropriate for other speech 
difficulties, the present work only uses Riley’s (1994; 2009) symptom set to differentiate those children who are 
fluent from those who are not.  A comprehensive instrument would separate the children who are fluent from those 
with speech difficulties of all types. Thus, the screen will need to include symptoms of speech difficulty that are 
related to hearing, phonological disorders other than stuttering and phonological delay, all of which affect speech. 
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Such a screen could be used to inform subsequent work on the efficacy of early intervention that speech-language 
therapists (SLTs) emphasize as important, by allowing them to get in contact with all possible cases of speech 
difficulty in young children. The screen would provide some documentation on the incidence of speech problems in 
the school population at large, of which Broomfield and Dodd (2004) have provided some indications from an 
incidence study in the UK. They reported that 6.4% of typically-developing children suffered from speech 
difficulties. The types of disorders they investigated and their occurrence rates were phonological delay (57.5%), 
consistent non-developmental errors (20.6%), inconsistent errors on the same lexical item (9.4%) and articulation 
disorders (12.5%). Stuttering was not included. Having this information available for a comprehensive set of 
pediatric speech difficulties could also provide essential data for health policy providers. A drawback in the short 
term is that this may result in increased demand for all types of pediatric service if more at-risk cases are identified, 
some of whom would have recovered without intervention. In the long term, if early intervention is more successful 
than delayed intervention and all children are assessed clinically after they have been screened, there may eventually 
be a reduction in caseload in older age groups.  
 
Clearly the timing constraints imposed on the schools and the high number of children that need to be 
assessed place considerable constraints on what can be performed when conducting a screen. For instance, full 
clinical assessments, that are appropriate when speech or hearing problems are suspected, are not feasible to conduct 
if all children in schools are screened. On the other hand, any procedure that is used needs to be backed up by 
scientific research and results that indicate that it meets required levels of performance.  As discussed previously, 
SSI-3 seems a reasonable starting point as it is based on research studies that show it can distinguish between 
children who are fluent and those with one form of speech difficulty (stuttering). Given the high rates of 
comorbidity between stuttering and other speech difficulties, it seem likely that SSI-3 symptoms would identify 
other types of speech difficulties too.  Looked at from another perspective, conducting and analyzing SSI-3 bears 
some resemblance to what teachers do informally when monitoring children for speech difficulty. They have 
ancillary information in some cases (e.g. information from parents and information about educational attainment) 
that they use in making decisions. The teachers’ judgments about children in their care are used in the screening 
work reported below for validating cases, where teachers judge children as either fluent or dysfluent. Together, these 
observations lead to the hypothesis that SSI-3 may be a starting point for screening children for all types of speech 
difficulty.  
 
In this paper, analyses were performed to investigate the effectiveness of the SSI-3 as a tool for screening 
speech difficulties. SSI-3 scores were obtained in real time from recordings as allowed by Riley (1994; 2009) when 
the instrument is used in clinics. 
 
2. Method 
2.1 Participants  
 
Children from the reception classes of 11 schools were assessed on SSI-3 in the academic years 2012-2013 
and 2013-2014. There were 730 children in total (369 males and 361 females); 246 were 4 years old, 482 were 5 
years old and 2 were 6 years old. 
 
2.2 Speech Samples and SSI-3 scoring 
 
All speech samples were audio-recorded using a Zoom H4N recorder with an internal microphone. The 
speech was elicited by using picture stimuli included in the SSI-3 manual. A sample of 10 to 15 minutes of 
spontaneous monologue speech was taken. All samples were recorded in English. The SSI-3 scores were calculated 
using a clinical procedure documented in Riley (1994; 2009). 
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2.3 Administration of SSI3 
 
 As the children involved in this work cannot read, age-appropriate pictures supplied with the SSI-3 manual 
were used to prompt the child to discuss the themes that were illustrated. Three features have to be obtained to 
calculate an SSI-3 score for a child: physical concomitants obtained at the time of recording, frequency of dysfluent 
symptoms and duration of stutter-measures that were obtained on subsequent analysis of the data. Details of how 
these were measured follow. 
1)  A score of the frequency of stuttering: The frequency score was obtained by first counting the total number 
of syllables in the speech sample and the stuttered events. For example, “you are no-no-no-not listening”, 
has six syllables in total (the beginning of each syllable is underlined) and there is one stuttered event, 
which includes all the part-word repetitions and the released version of “not”. The counts were made on the 
whole-speech sample; samples from all children were longer than 200 syllables. Once syllables and 
stuttered events were counted, the percentage of stuttered syllables (%SS) was calculated by dividing the 
number of stuttered events by the total number of syllables and multiplying the fraction by 100. In the 
example above the result would be (1/6) x100= 16.67%. The SSI-3 task score associated with this 
percentage was obtained from the SSI-3 manual and combined with the next two scores to give the overall 
SSI-3 score. 
 
2) The duration score is the average of the three longest stutters. For example, if a child’s longest three stutters 
were 2.1, 2.3, and 3.1 s, this would give an average of 2.5 s. The duration score was converted to a task 
score. 
 
3) The score for physical concomitants was obtained at the time of the recording. Four areas of the body are 
assessed: 1) Distracting sounds; 2) Facial grimaces; 3) Head movements; and 4) Movements of the 
extremities. Each of these was assessed on a five point scale as per SSI-3 manual. 
 
All the children were recorded and their SSI-3 scores were made by the author.A decision was then made to 
select those participants with an SSI-3 score of 16 or greater as being “at-risk”. Reports for the children selected as 
being at risk of speech difficulties were then given to the teachers. They provided feedback on those children in the 
classes, who were: 1) believed to be at-risk by the teacher or the Special Education Needs Coordinators (SENCOs); 
2) already on SLT intervention; 3) in the process of referral by either parents, schools or specialists/professionals 
services. These criteria identified any children the teachers indicated had speech difficulties that were missed by the 
author (i.e. not selected by the researcher as being as-risk).  
3. Results 
3.1 Incidence of native English speakers versus EAL speakers in the cohort 
 
The sample included a large number of EAL children. The diversity of first languages used and their 
percentages in the overall samples are shown in the pie chart in Figure 1. A χ² test was performed to see if there was 
any association between the children with EAL and native-English speaking children and whether or not they were 
identified as at risk of speech difficulty. This was done separately for the author’s and school’s designations. The 
results shown in Table 1, indicate that there was no association between language and fluency designation (child 
was or was not fluent) for either the author or the schools. Thus, there did not appear to be any greater tendency for 
EAL children to be identified as having speech difficulty compared to English children for either group of judges. 
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Table 1: .χ² results for the contingency table with child’s language (EAL vs native-English) and designation type (fluent/speech difficulty) for 
author and for the schools. 
χ² 
Author’s selection χ²(1 df, N= 711)= .30, p= .6 
School’s selection χ²(1 df, N= 711)= .07, p= .8 
 
 
 
 
 
 
 
 
 
Figure 1.Pie chart showing the percentage of native-English speakers and EAL children in schools (left panel) and the breakdown of EAL 
language used and their proportions (right panel) 
 
3.2 Sensitivity and Specificity of selection 
 
Next, the data were cast into a 2 x 2 contingency table (author vs school judgments against child being 
fluent vs manifesting speech difficulty) to examine sensitivity and specificity of children’s identification of speech 
difficulty. The judgments by the author were designated ‘correct’ as they were based on a formal procedure. 
Author/school judgments are indicated by the + and – operators in the quadrants of Table 2 (e.g.  ‘+-’ in the top right 
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quadrant indicates the author considered the child fluent, but the school did not). Table 2 gives the number of 
children selected in each group by the author and by the schools. 
 
Table 2 .The percentages and raw counts (in brackets) of children in the sample with respect to the author’s and teachers’ designations of 
potential risk for speech difficulties. 
 
School selected the children as being “at risk”? 
Yes No 
Author selected the 
children as being “at 
risk”? 
Yes 9.2 % (67) 
++ 
4% (29) 
+- 
No 2.9% (21) 
-+ 
84% (613) 
-- 
 
The specificity and sensitivity were calculated to measure the rate at which each child was identified as 
being at risk of speech difficulties (i.e. sensitivity, True Positive, TP, ++ in Table 6 above) and the rate of those 
correctly identified as not being at risk (i.e. specificity, True Negative, TN, -- in Table 6 above). These statistics 
show how well each child was categorized into each group. The positive predictive value (PPV) and negative 
predictive value (NPV) were also calculated for this sample. Table 3 shows that 96.7% of the fluent children were 
correctly identified as being fluent, while 69.8% of the children at risk of speech difficulties were correctly 
identified as not fluent. This means that the researcher and the teachers agreed on nearly 70% of the cases 
considered to be at-risk of speech difficulty and nearly 97% of the cases considered to be fluent. The test produces a 
high PPV, indicating that the test does select “at-risk” children with high confidence when the children scored 
highly on SSI-3. The test was most effective for discriminating fluent children, identifying 95.5% of them. Thus if a 
child scored low on SSI-3, the likelihood that they were fluent was high. The overall accuracy of identification was  
93.2% (calculated as ஊTP+ஊ୘୒ஊtotal population = 
଺଻ା଺ଵଷ
଻ଷ଴  = .932) and the prevalence in the research sample of n=730 was 13.2% 
(calculated as ஊୡ୭୬ୢ୧୲୧୭୬୮୭ୱ୧୲୧୴ୣஊ୲୭୲ୟ୪୮୭୮୳୪ୟ୲୧୭୬  = 
்௉ାிே
଻ଷ଴  = 
଺଻ାଶଽ
଻ଷ଴  = .132). 
 
 
Table 3 .Results for sensitivity and specificity as well as the PPV and NPV. 
 
 
Did the school select the children as being “at risk”? 
 
Yes NO 
 
R esearcher 
selected children 
as being “at risk”? 
 
Yes 
 
TP = 67 
 
 
FN = 29 
Sensitivity 
=TP /(TP +F N) 
= 67/(67+29)x100 
=69.8% 
 
No 
 
FP = 21 
 
 
TN = 613 
Specificity 
=TN/(F P +TN) 
=613/(21+613)x100 
96.7% 
PPV 
=TP/(TP+FP) 
=67/(67+21)x100 
=76.1% 
NPV 
=TN/(FN+TN) 
=613/(29+613x100) 
=95.5% 
 
4. Discussion 
The findings suggest that the SSI-3 is a reliable starting point for screening children, as it successfully 
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distinguishes fluent from dysfluent children. The results showed a high specificity for fluent children, where the 
agreement between the author’s judgment and the schools’ judgment as to which children are fluent was almost 
97%. The sensitivity between the agreements of the two type of judgment was moderately high; where the 
agreement on which children were at risk of speech difficulties was almost 70%. Although  
The difference between sensitivity and specificity could be due to the teachers’ lack of training on what 
symptoms to listen for when assessing speech difficulties. It could also be due to teachers’ having more information 
as they know the children and hear them speak regularly. Judging a child’s ability based on a 15-minute monologue 
is different to what teachers do when making their decisions about whether a child has speech difficulty, but the 
current assessments were more objective, as a validated test was used (Howell & Davis, 2011). Despite this limited 
nature of the assessment, the results indicated that the test selected the cases of children in the “at risk” group with 
good confidence, as indicated by the PPV (76.1%), and the NPV (95.5%). The teachers’ selection is arbitrary and is 
not based on explicit criteria (i.e. no particular test, assessment inventory or screen is available). Absence of 
selection criteria leads to variation from school to school and teacher to teacher. This causes uncertainty when 
interpreting the results from the PPV and NPV calculations. This would have led to the high number of children out 
of the total sample that was missed by the school compared to the researcher. Helping the teachers to be more aware 
of the symptoms associated with speech difficulties would reduce this problem.  
Currently, many teachers use their own initiative regarding what symptoms they should look for in a child 
with speech difficulty, although some teachers and Special Education Needs Coordinators (SENCOs) receive 
training. Some teachers indicated that they do not accept WWRs as a valid symptom of speech difficulties, which is 
consistent with Riley’s (1994) instructions for the use of SSI-3. If the number of teachers following this procedure 
increased, the specificity and sensitivity of the results may improve. On the other hand, the practice of omitting 
WWR could explain why there did not appear to lead to EAL children to be identified as having speech difficulty by 
the teachers. EAL children display word-finding difficulties which can be mistaken for dysfluency-like symptoms 
(WWR) and if the teachers had interpreted these as a sign of speech difficulty, more children from the EAL group 
would have been picked up as being “at risk”. EAL children are also expected to show phonological delay when 
learning an additional language. For example, these children may have difficulty in pronunciation of phonemes, 
which are very different from those found in their native language. But this may be a normal transitional phase for 
EAL children as they learn English or should these children be considered as having a phonological delay. 
Allocating more children to the “at risk” group, to be referred for further clinical assessment, is better than 
leaving these children to be identified at later stages when success rates in intervention would decline. This will 
inevitably put pressure on the currently-available resources, and expansion of services would seem to be ruled out as 
it would require increased funding. The fact that a screen would identify more children as ‘at risk’ is highlighted by 
the high prevalence of speech difficulties in this sample (13.2%) compared to previous studies (Broomfield & Dodd, 
2004; 6.4%). On the other hand, in the long term, clinical intervention for children with speech difficulties would 
increase the general quality of life of the children. It is important to be able to distinguish between children who are 
fluent and those with speech difficulties early on, not just for the purpose of aiding early recovery, but also for the 
short-term impacts (i.e. educational attainment and social skills in school) and for long-term impact (professional 
life, confidence and quality of life thereafter). A recent study by the Department for Education in the United 
Kingdom (https://www.gov.uk/government/publications/early-years-foundation-stage-profile-results-2012-to-2013), 
which was based on the Marmot Review (2010), found that only 52% of children had achieved a “good level of 
development” by the age of five in readiness for entering year one at school. Much emphasis on how to improve this 
rate has focused on speech and language, further highlighting the need for a national screening program.  
The data discussed in this report was based on a clinical form of assessment which the SLTs perform on 
children referred to them for stuttering. The SSI-3 is not a screening tool, rather a severity instrument, which 
informs the SLT of the stuttering severity of the child. In order to make this instrument more practical as a screening 
tool, it will need to be less time consuming to administer and thus easier for use by teachers. This can be done by 
assessing the usefulness of each component within the SSI-3 (i.e. frequency, duration and physical concomitants) to 
see if one or more component can be omitted. Further analyses will also extend to other speech symptoms than those 
of stuttering alone. This will be investigated by carrying out analyses on how well children with speech difficulties 
other than stuttering have been identified by the SSI-3 during the screening. A screening tool for speech difficulty 
that takes into account a wider set of symptoms than those used for assessing stuttering would be preferable to 
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having several screening tools for different types of speech difficulty. A tool that selects all possible cases of speech 
difficulties on one test occasion will hopefully be an essential instrument for teachers to use. 
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